Introduction
============

Accommodative esotropia is defined as a convergent ocular deviation associated with activation of the near synkinetic reflex to eliminate blurred retinal images produced by high hyperopic refractive errors.[@b1-opth-5-1795] Accommodation can lead to excessive convergence, which eventually exceeds the fusional divergence amplitude, resulting in esotropia. Refractive accommodative esotropia is characterized by high hyperopia (mean +4.75 diopters \[D\]; range +3.00 D to +10.00 D), moderate angle of esodeviation (20--30 prism diopters \[PD\]), and normal accommodative convergence to accommodation ratio (difference of 10 PD or less between distance and near esodeviation).[@b2-opth-5-1795] It is the most common type of strabismus, with very favorable prognosis if the appropriate treatment is initiated promptly.[@b3-opth-5-1795]

Traditional methods of treating accommodative or partially accommodative esotropia include spectacle or contact lens correction of the hyperopic refractive error determined under full cycloplegia.[@b4-opth-5-1795]--[@b6-opth-5-1795]

Spectacles usually carry a psychological burden to the child and his family especially the females, limiting his activities, and cause a cosmetic problem, particularly in underdeveloped communities with low cultural and educational levels. It was found that a considerable proportion of these fully accommodative children who had their vision corrected by spectacles, get rid of their glasses and lose their follow-up visits. This noncompliance leads to loss of stereopsis and development of ammetropic and strabismic amblyopia which is too hard to correct later on.[@b7-opth-5-1795] Contact lenses are also not a suitable line of treatment for these children as they carry a risk of many complications, especially allergic and infectious keratoconjunctivitis.

Recently, there have been several reports demonstrating the efficacy and safety of keratorefractive surgery for correction of refractive errors and esodeviation in patients with refractive accommodative esotropia.[@b8-opth-5-1795]--[@b11-opth-5-1795]

Laser-assisted in situ keratomileusis (LASIK) and photorefractive keratectomy (PRK) are the most commonly used keratorefractive procedures. Although PRK theoretically is safer as it avoids flap-related complications, LASIK has the ability to correct larger refractive errors, better predictability, faster healing times, less postoperative discomfort, less haze, shorter course of postoperative steroids, and avoidance of postoperative contact lens use for long time and preservation of Bowman's membrane.[@b8-opth-5-1795],[@b10-opth-5-1795],[@b11-opth-5-1795]

As ocular alignment is a matter of concern, it is important to consider amblyopia and the fusional status of the eyes prior to keratorefractive surgery.[@b12-opth-5-1795]--[@b14-opth-5-1795]

Patients and methods
====================

The study comprised 20 eyes of ten consecutive pediatric patients with fully accommodative esotropia (refractive esotropia). The patients were selected from the outpatient clinic of Benha University Hospital (Benha, Egypt). The study was applied in the period from January 2010 to November 2010. The age of patients ranged 5.1--9.2 years. The mean age was 7.07 years with standard deviation of 1.46. Six patients were males and four patients were females.

All patients were noncompliant with glasses (the children were urged to continuously wear their spectacles at every visit over a period of at least 12 months) and had refractive stability over the same period (cycloplegic refractive error was within ±0.5 D in at least three measurements taken 6 months apart).

Exclusion criteria included: any other ocular disease (other than refractive errors or esotropia), oblique muscle dysfunction, previous medical or surgical treatment for strabismus, family history of keratoconus or any corneal disease, failure to follow-up, and failure to get written consent. Informed consent was obtained from the children's parents acknowledging that the intended result of treatment was to correct both hyperopia and esotropia. They were informed that they were among the first patients to undergo refractive surgery for the correction of strabismus, and that no long-term outcome data for such treatment were available.

The preoperative evaluation included:

-   Full cycloplegic refraction to determine the refractive error; total hyperopia was determined by instilling three drops of cyclopentolate 1.0% (Cycloplejico^®^ eye drop; Behestan Distribution Company, Tehran, Iran) 20 minutes apart and performing autorefractometry 30 minutes after instillation of the third drop.

-   The patient's uncorrected visual acuity (UCVA) and best corrected visual acuity (BCVA) was evaluated (in decimal notation) using Snellen charts.

-   The strabismic angle was evaluated using the prism and alternate cover test by measuring the amount of esotropia present at distance (6 m) and at near (33 cm) with and without correction (in PD). All patients were orthophoric with correction in place. All patients' distance and near deviations were the same (purely refractive accommodative esotropia).

-   Accommodative convergence to accommodation ratios were measured by the gradient method.

-   Stereopsis was screened using horizontal Lang two-pencil test (to confirm the child's cooperation) and measured with Titmus stereoacuity test with glasses.

-   Extraocular movements to ensure that eye movements were full.

-   Complete ocular examination was performed:

    1.  -- The anterior segment to assess the cornea, anterior chamber, and lens.

    2.  -- The fundus with both direct and indirect ophthalmoscopes to note the appearance of the macula and optic nerve.

-   Intraocular pressure (IOP) measurement.

-   Corneal topography and pachymetry.

All patients underwent LASIK by the 200 Hz Wavelight ^®^ Algretto Wave^®^ Eye-Q Excimer Laser (Alcon, Inc, Hunenberg, Switzerland). One surgeon performed all surgeries. The instruments and laser parameters were the same as those used for correction of hyperopia in adult patients without accommodative esotropia, to fully correct their cycloplegic hyperopic refractive error.[@b8-opth-5-1795],[@b9-opth-5-1795],[@b11-opth-5-1795]

All patients underwent bilateral simultaneous procedures with the use of brief intravenous general anesthesia (ketamine 1.5--2 mg/kg \[Sigma Tech Pharmaceutical Ind, Quesna, Egypt\], propofol 1 mg/kg \[Fresenius Kabi Austria, Graz, Austria\], atropine sulfate 0.01 mg/kg \[El-Nile for Misr Pharmaceuticals, Cairo, Egypt\]). Suction ring was applied at a low vacuum level to hold the eye fixed and well-centered after iris recognition by the tracker during laser treatment. After flap reposition, soft 1-day contact lenses (Focus Dailies, Ciba Vision, Aschaffenburg, Germany) were inserted and ocular shields were used to protect the eye until the patient gained full consciousness.

Postoperatively, patients instilled tobramycin 0.3% and dexamethasone 0.1% combination (Tobradex, Alcon, Puurs, Belgium) and artificial tears (sodium hyaluronate) eye drops (Hyfresh, Jamjoom Pharma, Jeddah, Saudi Arabia) every 2 hours for 2 days, and then decreased the frequency gradually over 1 week. Then, fluorometholone 0.1% eye drops (Flucon, Alcon, Puurs, Belgium) were instilled three times a day and were continued for 2 weeks, with the dosage titrated based on return of BCVA to preoperative baseline and IOP level. Artificial tears were prescribed for use three times a day for 1 month. Any intraoperative or postoperative LASIK complications were recorded.

Postoperative examination was carried out on the second day to check the flap and to remove the contact lenses, at 1 week to measure IOP and taper the drops, and at 1 month, 4 months, and 9 months to measure UCVA and BCVA, cycloplegic refraction, angle of squint, stereoacuity, and IOP.

Statistical analysis
--------------------

The collected data were tabulated and analyzed using SPSS (v 17; SPSS, Inc, Chicago, IL). Software categorical data were presented as number and percentages while quantitative data were expressed as mean, standard deviation, and standard error of the mean or median and range. Paired *t*-test and Friedman test were used as tests of significance for comparing preoperative and postoperative data of the study group. Correlation coefficient (*r*) was used to assess linear association between two measures and its values were used to calculate the mean regression percentage (P~rm~ = 100\[1−*r*\]). The accepted level of significance in this work was stated at 0.05 (*P* \< 0.05 was considered significant).

Results
=======

Refractive outcomes
-------------------

The median spherical equivalent was +4.88 D (range +3.5 to +6.75) preoperatively, +0.63 D (range −0.75 to +1.5) at 1-month follow-up, +0.75 D (range −0.5 to +1.5) at 4-month follow-up, and +0.87 D (range −0.5 to +1.5) at final (9-month) follow-up. All eyes were within a range of −0.5 D to +1.5 D of emmetropia at final follow-up ([Figure 1](#f1-opth-5-1795){ref-type="fig"}). There was a statistically significant improvement and correction of the refractive error (*P* \< 0.001). No patients required retreatment.

A mean hyperopic change of 0.12 D was observed between 1-month and 4-month follow-up, and between 4-month and 9-month follow-up ([Table 1](#t1-opth-5-1795){ref-type="table"}). This was not statistically significant. No enhancements were required or performed. No patients required glasses or prolonged contact lenses postoperatively ([Figure 2](#f2-opth-5-1795){ref-type="fig"}).

Visual acuity outcomes
----------------------

There was a statistically significant improvement of BCVA when comparing mean preoperative values (0.51 ± 0.16) with postoperative values at 4 months (0.56 ± 0.18) and 9 months (0.6 ± 0.17) (*P* = 0.021 and \<0.001, respectively), but not at 1 month (0.51 ± 0.18, *P* = 0.97) ([Figure 3](#f3-opth-5-1795){ref-type="fig"}).

Mean preoperative BCVA was 0.51 ± 0.16 in decimal notation (range 0.2--0.8). This relatively low value was due to the presence of three cases of hyperopic ammetropic amblyopia and two cases of minimal anisohyperopia. Mean BCVA at 1-month postoperative follow-up was 0.51 ± 0.18, which does not represent a statistically significant reduction in visual acuity (*P* = 0.97). A decrease in BCVA was observed at 1-month follow-up in six eyes (30%), an increase in ten eyes (50%), and no difference in four eyes (20%). During this interval, one patient had a reduction of three lines BCVA in one eye. These decreases in BCVA were attributed to temporary tear film instability, since no other plausible etiology could be identified. No patient had more than microstriae, and mild haze, when present, was located outside the visual axis. No other patient had a reduction of more than two lines BCVA at 1-month postoperative follow-up. Mean BCVA returned to the preoperative level (0.51 decimal notations) near the end of 1-month postoperative follow-up.

Mean preoperative UCVA was 0.29 ± 0.11 (range 0.1--0.60). Mean postoperative UCVA was 0.55 ± 0.17 at 9-month follow-up. This improvement in UCVA was statistically significant (*P* = 0.001), signifying a high refractive efficacy. UCVA improved in 17 eyes (85%), was unchanged in two eyes (10%), and decreased in one eye. There was no statistically significant change in mean UCVA at final follow-up when compared to mean UCVA at 1-month and 4-month follow-up (*P* = 0.074 and 0.065, respectively); although there was a trend toward improvement, signifying refractive stability.

Alignment outcomes
------------------

Mean preoperative esotropic deviation at near and at distance without correction was 20.1 ± 4.9 PD (range 14--30). Mean postoperative esotropic angle was 1.8 ± 1.5 PD. This change was statistically significant (*P* \< 0.001). Mean change was 18.3 PD. Near and distance angles were averaged for each participant before analysis (n = 10).

All patients had a normal accommodative convergence to accommodation ratio both preoperatively and postoperatively. All patients were orthotropic at distance and at near without correction at 1-month postoperative evaluation, and at all subsequent evaluations reported alignment stability.

Sensory outcome
---------------

The patients were examined using horizontal Lang two-pencil test to assess their cooperation in screening stereoacuity. All achieved positive results both preoperatively and postoperatively. Accurate measurement was done using Titmus stereoacuity test with glasses.

Mean preoperative stereoacuity (measured in seconds of arc) was 200 ± 116.6, which improved postoperatively to 176 ± 117.6 seconds of arc with no statistically significant value (*P* = 0.081). These relatively low values were due to the presence of three cases with ammetropic amblyopia and two cases with minimal anisometropia. Five patients (50%) had no change in stereoacuity and five patients had an increase in stereoacuity (two patients gained 80 seconds of arc and three patients gained 40 seconds of arc), and no patient had a loss of stereoacuity after surgery. There was no change in stereoacuity between 1-month and final follow-up examination.

IOP assessment
--------------

Mean preoperative IOP was 13.7 ± 1.7 mmHg. There was an increase in postoperative IOP at 1-month follow-up (mean IOP 13.9 ± 5.6 mmHg), but not to a statistically significant level (*P* = 0.94). Mean postoperative IOP was 10.3 ± 1.5 mmHg at 4-month and 9-month follow-up, showing a statistically significant decrease in IOP (*P* = 0.001) when compared with preoperative values. Two patients had an elevated IOP (range 23--26 mmHg) during the first postoperative month that was controlled by withdrawal of topical steroids and instillation of topical antiglaucoma eye drops (timolol maleate 0.5% twice daily \[Timolo, Eipico, 10th of Ramadan city, Egypt\]). One patient had the same IOP, while the other seven patients had a decreased IOP at 1-month follow-up. All patients recorded a decreased IOP after the first postoperative month till the end of the study period.

Subjective outcomes
-------------------

All patients and their parents reported satisfaction with the functional and cosmetic results. Three patients (30%) suffered from burning sensation, especially in the morning, due to dry eye that was relieved by frequent application of artificial tears. Two patients complained of blurred vision during the first postoperative week despite accurate correction and satisfactory visual acuity. One patient reported headache and eye ache for few days with unexplained cause.

Complications
-------------

There were no significant intraoperative or postoperative complications. There were no infections, flap-related complications, decentered ablations, or unexpected refractive outcomes. Microstriae, minimal haze, and tear film instability were seen in some patients, but resolved with postoperative medication regimen within the first postoperative month in all patients with corresponding return of BCVA to preoperative levels.

Discussion
==========

Accommodative esotropia usually presents in preschool years, and it is the most common type of strabismus, accounting for approximately one half of all childhood esotropia.[@b4-opth-5-1795] It is usually stable and does not resolve in young children with high hypermetropia especially without tight regular spectacle wear. The most important factor in predicting resolution of accommodative esotropia is the amount of hypermetropia at the time of diagnosis. In early-onset patients, incidence of high-level stereoacuity is much lower and incidence of deterioration of control requiring strabismus surgery is much higher.[@b15-opth-5-1795] Thus, a young age group (5.1--9.2 years) was selected for this study.

The natural history of hypermetropia in accommodative esotropia is not clear; hypermetropia usually increases from initial examination to age 7 years, but by only a small amount. This may represent a true increase, or increased discovery of hypermetropia on subsequent cycloplegic refractions after a child wore glasses just from the relaxation of ciliary muscle tone.[@b16-opth-5-1795] This emphasizes the importance of a follow-up cycloplegic refraction, and esotropia should only be considered purely accommodative until this follow-up.

Deviation is typically eliminated by controlling the accommodative effort with optical correction of hypermetropia. Full cycloplegic refraction is required to maintain adequate alignment and to achieve the best possible binocular vision result. Failure to fully correct hypermetropia in these situations leads to greater rates of distance-near disparity as well as to greater rates of deterioration; on the other hand, it may improve fusional vergence amplitude.[@b15-opth-5-1795],[@b16-opth-5-1795] So, full cycloplegic refraction was corrected after being stable for 12 months.

The stability of refractive error over a period of 1 year prior to the procedure (cycloplegic refractive error was within ±0.5 D) was emphasized in the present study, as by Sabetti et al and Dvali et al in previous studies.[@b17-opth-5-1795],[@b18-opth-5-1795] An age group (5.1--9.2 years) younger than any other study was treated, encouraged by the full and stable cycloplegic refractive error.

Some rural areas in Egypt are of low cultural, educational, and social levels. Spectacles always carry a psychological burden to children of both sexes and their families in these areas. None of these children was developmentally delayed, but noncompliance with glasses was mainly due to the social barrier between the child and his peers. The parents refused spectacles -- even when the strabismus was corrected -- as this meant that their child was lacking vision and inferior to other children. When the need for spectacles was stressed as the only way to treat strabismus, as strabismus surgery has no role in this condition, the parents asked for LASIK to get rid of the glasses. Such cases were included in the study after detailed explanation and discussion of the benefits and drawbacks of the procedure.

Regression is common after hyperopic LASIK so long term follow-up is essential for these children; the parents were informed that over a few years, gradually increasing hyperopia might cause reoccurrence of the strabismus or require a return to wearing glasses to maintain control. Any significant error affecting either the orthotropic state or BCVA should be further corrected. Esotropes lose much of their error in the teenage years and myopic shift is expected to occur well past the age of the patients in this study. This was clearly explained to the child's family prior to the surgery. The aim was short-term correction of strabismus, improved visual acuity, and allowing better optokinetic and psychovisual development in this critical period of the child's life without any social or psychological barrier between the child and his/her peers -- even if further intervention may be needed later in life if the refraction shifts towards myopia. Such intervention may be in the form of glasses, contact lenses, or even redoing LASIK, but this would be later after stabilizing BCVA and orthotropia and when they are older (adult or late teen). All families accepted this potential risk against the dependence of their children on glasses (a written consent was obtained).

Both PRK and LASIK have been used to treat refractive accommodative esotropia, but the patient characteristics and outcomes vary.[@b10-opth-5-1795] Sabetti et al[@b17-opth-5-1795] compared PRK and LASIK for the treatment of refractive accommodative esotropia in young adults and found no difference in the mean postoperative angle of esotropia between the two modalities, suggesting that LASIK was the preferred modality for larger magnitudes of hyperopia. Dvali et al[@b18-opth-5-1795] advocated LASIK for school-aged children with severe anisometropia and high astigmatism. However, Hutchinson et al[@b10-opth-5-1795] believed that for small to moderate hyperopic refractive errors (\<5 D) associated with refractive accommodative esotropia, PRK is predictable and safe. The extra measure of safety provided by PRK is being considered in school-aged children and young adults in whom the risks of flap complications and corneal ectasia are likely to be of greater concern. Hutchinson et al[@b10-opth-5-1795] suggested that none of their patients had postoperative residual hyperopia, in contrast to many other studies, in which a substantial number of patients were left undercorrected or required retreatment.[@b8-opth-5-1795],[@b9-opth-5-1795],[@b19-opth-5-1795]

All patients underwent bilateral simultaneous procedures because this minimized the disruption of binocularity, consolidated the recovery period, decreased the risk of general anesthesia, and was preferred by the surgeon to a sequential procedure.

In agreement with Magli et al,[@b11-opth-5-1795] who treated 17 patients of his study group with LASIK and three patients with PRK (range 14--24 years, mean 18.8 years), the present study found that LASIK was effective and safe in young or adolescent patients.

The mean hyperopic change was 0.07 D between the 1-month and 9-month postoperative follow-up, which is much less than that reported by Farahi and Hashemi (0.68 D) in their ten patients with fully and partially accommodative esotropia (ages 11--43 years) treated with LASIK. Their attempted correction was also full cycloplegic refraction (mean +5.03).[@b19-opth-5-1795]

The intended goal of surgery was achieved in all patients as they were all orthotropic (postoperative uncorrected ocular alignment was the same as preoperative spectacle-corrected alignment). Although several studies showed that good alignment can be achieved even in patients with residual hyperopia,[@b8-opth-5-1795],[@b9-opth-5-1795],[@b19-opth-5-1795] this differs from the results of Stidham et al[@b20-opth-5-1795] who performed LASIK for 10 patients with purely refractive accommodative esotropia. Only two became orthophoric, four patients converted from an esotropia to an esophoria, and four showed no reduction in their deviation. This could be attributed to the high mean preoperative spherical equivalent (+7.36 D) with mean attempted undercorrection (6 D), postoperative residual spherical equivalent error averaged 2.1 D, and there were visually significant flap-related complications. Interestingly, there were a number of patients in their study who were orthophoric postoperatively in spite of a residual hyperopic refractive error of over 2 D.

No patient in the present study required retreatment for residual hyperopia. This could be because the full cycloplegic refraction was corrected, with range of +3.5 to +6.75 D, after 1 year of stable refraction and in an age group with mean 7 years (not younger). This is similar to Hutchinson et al,[@b10-opth-5-1795] who suggested that none of their patients had postoperative residual hyperopia in a study using PRK to treat 40 patients with a mean spherical equivalent of +3.06 D, and Magli et al,[@b11-opth-5-1795] who also realized emmetropia (±1.00 D) in 97.5% of eyes (39/40) with a mean correction of +4.62 D (range +2.25 to +7.75, standard deviation 4.52) obtained with excimer laser.

This differs from the results of Phillips et al[@b9-opth-5-1795] where retreatment was required due to undercorrection in 34% ± 17% of their patients, which they attributed to the high variability inherent in hyperopic LASIK. They suggest that the development of a different nomogram might be beneficial. Also, Hoyos et al[@b8-opth-5-1795] reported that half of the eyes required retreatment within 3--5 months of initial treatment.

Only minor changes in stereoacuity were seen after LASIK in the current study, with five patients having improvements in stereoacuity and five patients experiencing no change. These changes in stereoacuity were attributed to testing variability since no other plausible explanation could be identified and since an equal number of patients "gained" as "preserved" stereoacuity. The relatively low values together with nonimprovement could be explained by the preoperative findings of three cases with ammetropic amblyopia and two cases with minimal anisometropia. These results confirm the plan for simultaneous bilateral LASIK correction in the same sitting. This was also confirmed by Birch and Wang[@b14-opth-5-1795] who stated that improved stereoacuity outcomes are associated with better long-term stability of alignment, reduced risk for and severity of amblyopia, and improved achievement of sensorimotor developmental milestones.

There were no significant complications reported in the current study, which was also reported by Phillips et al[@b9-opth-5-1795] and Magli et al.[@b11-opth-5-1795] This is in contrast to Hoyos et al[@b8-opth-5-1795] who reported many complications in a nine-patient study including topographic decentration in three eyes, superficial punctate epitheliopathy in two eyes, and peripheral epithelialization in two eyes after retreatment. One patient with decentration complained of glare and night halos. Also, Stidham et al[@b20-opth-5-1795] found visually significant flap striae in 25% of eyes, decentered ablations in 8% of eyes, diffuse lamellar keratitis was treated in 4% of eyes, and 23% of patients lost one or more lines of BCVA.

The current results confirm that LASIK can be used successfully to treat hyperopia and purely refractive accommodative esotropia in patients with hyperopia up to +6.75 D. Although hyperopic regression was seen between the first postoperative month and 4-month and 9-month postoperative follow-up, it was very small and it was found that refractive error and motor alignment remained stable.

Two patients had an elevated IOP (range 23--26 mmHg) during the first postoperative month due to moderate response to topical steroids. This IOP rise was controlled by steroid withdrawal and instillation of topical antiglaucoma eye drops. This should arouse attention as a large percentage of children show a steroid response that may lead to glaucoma and bad visual impact. Kwok et al[@b21-opth-5-1795] found that 56% of children are high responders to topical dexamethasone. Thus, IOP was followed up throughout the study period.

Limitations of this study include its limited number, short follow-up period, nature, lack of comparison group, and limited generalizability due to the select patient population with a small age range and hypermetropic error.

In conclusion, LASIK appears to be effective and relatively safe to treat accommodative esotropia, even in young children, by reducing their hyperopic refractive error and eliminating the need for spectacle or contact lens correction. However, patient selection is critical, and longer follow-up is needed.
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###### 

Mean hypermetropic regression in the studied group

                                       Mean   SD     *r*     P~rm~ = 100(1 − *r*)
  ------------------------------------ ------ ------ ------- ----------------------
  Preoperative SE of RE (D)            5.08   1.01   --      --
  Postoperative SE of RE 1 month (D)   0.61   0.46   0.467   53.3%
  Postoperative SE of RE 4 month (D)   0.66   0.57   0.369   63.1%
  Postoperative SE of RE 9 month (D)   0.68   0.60   0.175   82.5%

**Abbreviations:** D, diopter; P~rm~, percent of regression to the mean; *r*, correlation coefficient; RE, refractive error; SD, standard deviation; SE, spherical equivalent.
